This paper aims at exploring new evaluation indicators of oil shale in order to 5%, between 5% and 15%, between 15% and 25%, and over 25% correspond to non-oil shale, low-quality, medium-quality, and high-quality 
Introduction
As the overall situation of conventional oil and gas resources becomes increasingly severe, oil shale receives more and more attention. Since oil shale is characterized by beneficial features and economic values and its resources are large, it is considered an important strategy and substitutional resource for the 21st century [1] . Thus, exploration and development of oil shale play an important role in solving the energy crisis. There are three important basics to evaluate the development and use of oil shale in a mine: mining fee, proved recoverable reserves and grade of oil shale, among which grade evaluation of oil shale is the most important one [2] .
At present, oil content is taken as reference for evaluating mineral deposits, delineating ore bodies and estimating the amount of resources [3] . In general, oil shale is internationally referred to as mineable oil shale when it can yield 0.25 barrel shale oil (0.034 ton) per ton, or its oil yield is higher than 4% [4] [5] , the USGS takes the oil yield of 40 l/t (3.6%) as the cut-off value in the oil shale resource estimation. In the past, the oil shales yielding oil more than 5% were considered rich and calculated as reserves in China; oil shales yielding oil less than 5% were considered lean and neglected in calculating the reserves. Taking the economic and technological development into account, the Third National Oil and Gas Resource Assessment, which is "a new round of national oil shale resource evaluation", was carried out in 2006. This assessment takes the oil yield 3.5% as the limit cut-off value for oil shale producing rate, and oil shales can be divided into three groups, namely oil (tar) content ≥ 10% is referred to as high, between 10 and 5% as medium and between 5 and 3.5% as low.
Refining and combustion for generating electricity are the main patterns of oil shale application [2] . Oil content is the reference to evaluate oil shale in refining, while calorific value is the index to evaluate oil shale in burning, and the two aspects mainly depend on organic matter content and composition of oil shale. However, the testing process of oil content and calorific value is relatively complicated, the requirements on equipment specifications are also very strict and sensitive, and the test time is too long. Thus, whether we can find one or more convenient indicators based on organic matter content of oil shale, which can be considered alternative parameters to assess the quality and grade of oil shale at present, is an actual problem. This paper discusses petrological types of oil shale, total organic matter content, TOC and the correlation between hydrocarbon-generating potential (S 1 + S 2 ) and oil content, which shows a good linear relationship. Therefore, organic matter content, TOC and S 1 + S 2 of oil shale can be used as effective parameters (or methods) to grade oil shales.
Samples and tests
A total of 588 oil shale samples were collected from Sangonghe (west) to Ergonghe (east) eight outcrop profiles and Dahuangshan, Donggou, and Ergonghe drilling sites (Fig. 1) , which are located in the northern foot of Bogda Mountain. All samples come from Lucaogou Formation in Permian, whose lithology is dominated by sandstone, marl, dolomite and oil shale, and the average thickness of the whole formation is about 568 meters. The profile samples were collected in accordance with the principle of the equal horizontal interval, which is 10 meters; while the drilling samples by the rule of equal vertical interval, which is 5 meters. 
Results and discussion

Petrological types of oil shale
According to the general principles of sedimentary rock classification, we used the major mineral components (>50%) to determine the basic name of the rock and the secondary components (especially the characteristic components) to determine the specific name of the rock. The characteristic component of oil shale in the study area is sapropel, therefore, the oil shale classification based on different percentage of sapropel components is reasonable. The classification is as follows: shale is called "black shale" when sapropel content is less than 5% [6] ; and it is known as clay shale with rot when sapropel component content is between 5 ~ 25%; when sapropel content is between 25 ~ 50%, we call it rot muddy shale/sapropelic shale. In fact, oil shales whose sapropel component content is higher than 40% are very rare in nature. This classification system can be called genetic classification, during oil shale exploration and development process, however, oil shales are often divided into a variety of industrial types (or industrial level) by shale oil extraction rate under low-temperature pyrolysis: low-quality oil shale, high-quality oil shale, and so on. Due to the continuous development of processing technology, the bottom of oil productivity becomes lower and lower, therefore, the classification indicators keep changing as well. In general, oil shale petrological types can be referred to their industrial grade, as shown in Table 2 . Since the clay shale with rot occurs in a wide range, clay content of 15% can be taken as the boundary to divide it into two parts, which is more convenient to contrast with the industrial grades. I medium-quality oil shale 
Indexes in Evaluating the Grade of Bogda Mountain Oil Shale in China
Correlation between organic matter and oil content
The organic matter is the basic material unit while studying hydrocarbon generation under optical microscope scale. Organic matter takes only a small or very small part of the total, but it is the key factor to decide whether this type of oil shale is good or bad.
The correlation between total organic matter content and oil content is shown in Fig. 2 , the correlation coefficient R is 0.917, showing a significant correlation. The oil yield 3.5% corresponds to the total organic matter content 7.8%, and the oil yields 5% and 10% correspond to the total organic matter content 9.8% and 17.5%, respectively. 
Correlation between S 1 + S 2 and oil content
Hydrocarbon potential is the sum of organic matter, which undergoes degradation to oil and gas at 300 °C, and the organic matter that can produce oil and gas but is not degraded yet. S 1 + S 2 per unit mass of rock (source rock), characterizes the potential of oil and gas production [7] [8] . The decomposable part of organic matter is equivalent to the soluble organic matter in rocks, and it volatilizes when rock sample is heated at 300 °C. The organic matter that can produce oil and gas but is not degraded yet is equivalent to the non-decomposable material of kerogen, and it equals to the number of hydrocarbons that volatilize when the insoluble kerogen is subjected to high-temperature (550 °C) cleavage. Peaks S 1 and S 2 are obtained using rock pyrolysis instrument (Rock Eval). Since the sum S 1 + S 2 reflects rock potential of hydrocarbon generation, there must be some correlation between it and oil content.
As shown in Fig. 3 , the oil yield rate of oil shale is associated with the hydrocarbon-generating potential significantly, and their correlation coefficient R is 0.882. Oil yield 3.5% corresponds to oil-generating potential 34 mg/g, oil yield 5% corresponds to oil-generating potential 48 mg/g, and 10% corresponds to oil-generating potential 90 mg/g.
Correlation between TOC and oil content
TOC is the amount of carbon bound in organic compounds and is equal to the total carbon minus inorganic carbon. The determination of organic carbon is often made treating the sample with hydrochloric acid to remove carbonates first, and then the sample is burned in the presence of oxygen at high temperatures and converted to CO 2 , to finally measure its carbon content. Since liquid hydrocarbons and gaseous hydrocarbons, which are generated during the process of thermal evolution after the original organic matter is buried, will migrate out of the source rocks, the measured values of organic carbon mean only the content of remaining organic carbon, and the evaluation of hydrocarbons present in source rock to a great extent relies on residual organic carbon content, which takes TOC as an indicator [9] . TOC is the material basis for the formation of hydrocarbon-bearing seams, so when evaluating hydrocarbon source rocks, data on its content is required first, and the quality and maturity are second requirements [8] , therefore, the numerical value of oil shale TOC content is closely related to its oil ratio.
As shown in Fig. 4 , organic carbon content of oil shale and oil content are in a good correlation. Correlation coefficient R is 0.978, the oil yield 3.5% corresponds to the TOC 7.5%, the oil yield 5% corresponds to the TOC 9.5%, and 10% to the TOC 17.0%. 
Establishment of new indexes
In summary, the system for evaluating the industrial grade of oil shale is established as follows (Table 3) . 
Conclusions
The content of organic matter in oil shale can be expressed in many different ways, such as oil content, TOC, S 1 + S 2 , and so on. Based on the international industrial standards of oil shale grading, which is using oil yield to establish industrial grade of oil shale, this paper discusses the relationships between oil shale organic content, hydrocarbon-generating potential, TOC and oil content. We conclude that the organic component content, hydrocarbon-generating potential and TOC can also be used to classify oil shales according to industrial grade, therefore, the establishment of new evaluation indexes of oil shale is feasible. For example, coefficient R between oil shale organic carbon content and oil content is 0.978. Moreover, these parameters are easier to obtain, making evaluation more convenient and efficient.
